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Interest in Slow and Fast light

• Fundamental aspect in optical physics
• How can we stop (reversibly) the light ?
• Can light travels faster than c?

• Applications: optical storage, optical 
information, telecom (buffering)



Outlook
• Group velocity, case of a resonant system

• (Ultra) Slow light: - Electromagnetic Induced Transparency
- Coherent Population Oscillations
- Zeeman Coherence Oscillations. Coherent control       

of the optical response

• Superluminal propagation: - Relativity implications
- Different velocities for a light pulse
- Backward propagation

• Conclusion
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• Ultra slow light needs w dn/dw >>1
How to achieve ??

• vg> c : What about relativity?

• vg< 0 : Propagation of energy?
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Increasing ng is possible but absorption also increases!

NORMAL DISPERSION

ANOMALOUS DISPERSION



What happens near a resonant transition?
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Increasing ng is possible but absorption also increases!
Difficult to observe experimentally

NORMAL DISPERSION
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I- How to produce slow-fast light?
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• Electromagnetic Induced Transparency

• Coherent Population Oscillations

• Zeeman Coherence Oscillations

Slow light
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Coherent Population Trapping
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Coherent Population  Trapping

ALL THE ATOMS ARE IMMUNE TO INTERACTION: 
perfect transparency



CPT

Autler-Townes splitting
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Vg decreases with CΩ

Is it possible to stop the light ?
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CΩ

E(Z 0)=
E(Z L)=

STORAGE
What kind of 

storage?



bcE(z, t)(z, t) cos (t) sin (t)g Nψ = θ − σθ
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II-c Coherent Zeeman Oscillations
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Bichromatic field, with strong     resonant pulse and detuned pulse
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grating imprints on 
Zeeman coherences
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grating imprints on 
Zeeman coherences
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grating imprints on 
Zeeman coherences

Diffraction of strong field
by Zeeman coherence
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grating imprints on 
Zeeman coherences

Diffraction of strong field
by Zeeman coherence

Absorption by
population

Cancel exactly

at

π σ
1n =

= 0Δ

( ) ( ) 2
σ

σ π σ
ρ

ρ θ ρ θ − Φ Γ
= − − − −

,Im i r t
Z e gi e n n

z2
ρ

z1
ρ

( )
1 2

1

1

δρ ρ ρ ρ
=

Δ −

=−

= + = ∑ .( )
n

in t k rn
Z z z

n
e



F. A. Hashmi and M. A. Bouchene Phy. Rev. A 77, 051803(R) 2008
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• Pure Non-linear effect
• No dark state
• Hybrid properties between CPO and EIT

II-c Coherent Zeeman Oscillations



• Giant Non-linearity:

IId- Coherent Control of the Susceptibility

(2) 2 (3) 3 ...linP E E Eχ χ χ= + + +

If E is strong : ionisation

If resonance : absorption

Increase NL effects increase E or χ

Slow light techniques: reduction of absorption AND resonance

Effects of giant non linearities observable
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II-d Coherent Control of Susceptibility
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F. A. Hashmi and M. A. Bouchene Phys. Rev. Letters 101, 21306 (2008)
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Superluminal propagation



CAUSALITY AND RELATIVITY
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WHAT IS A SIGNAL?

In Optics :
Wave packet with sharp front (Sommerfeld 1910)

C exactly!

z

- Envelope faster than c ! (Vg > c), Vg still meaningful
-Pulse distortion occurs if the back part of the pulse catch up the sharp front

Extension: non analyticity (Chiao et al. 2000)

>c or <c
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Five velocities for a light pulse:
Phase velocity

v / ( )c n c or cϕ = > <



v / ( )g gc n c or c= > <

Five velocities for a light pulse:
Group velocity

Meaningful in a linear dispersive medium with constant spectral gain
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Five velocities for a light pulse:
Signal velocity

v :s speed of non analytical point c=

vs

« detectable Information »



3 2 2
0

3
0

( ),
2 2

F
G F

F

r u d r E Br c or c u
u d r

ε
μ

= > < = +∫
∫

Five velocities for a light pulse:
centroid of field energy

G



Five velocities for a light pulse:
centroid of field energy

G

2 2
0

.
0

v ( ),
2 2Field En G F
E Br c or c u

t
ε

μ
∂

= > < = +
∂



Five velocities for a light pulse:
centroid of field energy

2 2
0

.
0

v ( ),
2 2Field En G F
E Br c or c u

t
ε

μ
∂

= > < = +
∂

G

Field En.v :" "watched velocity in pulse propagation experiment

Field En g. gv v vv( / ) if dispersivemedium with cte gainα ω= + ∂ ∂ =



Five velocities for a light pulse:
centroid of field energy

G

2 2
0

.
0

v ( ),
2 2Field En G F
E Br c or c u

t
ε

μ
∂

= > < = +
∂

Field En.v :" "watched velocity in pulse propagation experiment

Field En g. gv v vv( / ) if dispersivemedium with cte gainα ω= + ∂ ∂ =



Five velocities for a light pulse:
centroid of field energy

3

3
≠ ∫

∫
Field. En.v

F

S d r

u d rG

2 2
0

.
0

v ( ),
2 2Field En G F
E Br c or c u

t
ε

μ
∂

= > < = +
∂

Field En.v :" "watched velocity in pulse propagation experiment

Field En g. gv v vv( / ) if dispersivemedium with cte gainα ω= + ∂ ∂ =



• Can the energy go faster than c ???

• relativity: energy matter and v < c!!

How to solve the paradox ??

≡



Energy has to be defined as 
the total energy
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Supraluminal propagation: Backward propagation.
PROPAGATION THROUGH NEGATIVE MEDIUM 

(ng=-2)
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Energy flow in the forward direction

SCIENCE, 312 (2006)

S k∝
E

B
g Tot. En.v  and v not only differ by their magnitude but also by their

P
 

aradox:
sign!!

Pulse envelope displacement: spatial pulse shaping
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Here (constant spectral gain), the re-shaping is symmetric!, Vg meaningful
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Conclusion
• Fast light: better understanding of relativity implications and 

light pulse velocities.
• Relativity implications on signal and information propagation:

*Signal: non analyticity 
*transmission of (detectable) Information faster than c possible!

• Relativity implications on energy propagation:
*Group velocity characterizes the displacement of the envelope 
but is not representative of the (total) energy flux!
*Group velocity is significative in a constant spectral gain 
medium: displacement of the EM energy, watched velocity.
*Superluminal pulse envelope propagation is the result of both 
temporal and spatial amplitude pulse shaping by the medium.
*Superluminal propagation appears when truncated balance of 
energy

• Challenge in slow light: extension to short pulses (higher 
bandwidth): SRS, SBS techniques.

• Development of quantum optical memories


